A pink-pigmented, aerobic, facultatively methylotrophic bacterial strain, CBMB27
Bacteria of the genus Methylobacterium, class Alphaproteobacteria, consist mainly of a group of pinkpigmented facultatively methylotrophic bacteria with the ability to utilize C 1 compounds such as methanol or formaldehyde and other, multicarbon compounds (Green, 1992) . Cells are strictly aerobic, Gram-negative rods and, at the time of writing, the genus Methylobacterium comprised 28 species with validly published names (http://www. bacterio.cict.fr/m/methylobacterium.html), with Methylobacterium organophilum as the type species (Patt et al., 1976) . Members of the genus Methylobacterium are versatile in nature and ubiquitous on plant surfaces, potentially dominating the phyllosphere population (Corpe & Rheem, 1989) . Their association with plants extends from free-living to epiphytic, endophytic and symbiotic (Pirttilä et al., 2000; Sy et al., 2001; Kutschera, 2007; Schauer & Kutschera, 2008) and their presence has been detected by cultivation-independent methods (Araú jo et al., 2002; Idris et al., 2004; Jackson et al., 2006) . Interand intracellular colonization of plant tissues by Methylobacterium species and their mode of transmission from seed to aerial parts have been illustrated (Pirttilä et al., 2000; Sy et al., 2005; Poonguzhali et al., 2008) .
Methylobacteria, as plant symbionts, utilize the methanol emitted from plants and, in turn, impart beneficial effects on plant growth through one or more mechanisms that include production of phytohormones like indoleacetic acid or cytokinins and vitamins (Basile et al., 1985; Koenig et al., 2002; Trotsenko et al., 2001) , synthesis of enzymes such as urease or 1-aminocyclopropane-1-carboxylate deaminase (ACCD) that modulate plant growth (Holland & Polacco, 1992; Madhaiyan et al., 2006 Madhaiyan et al., , 2007b and production of siderophores (Idris et al., 2004) . Furthermore, they tolerate heavy metals and are able to reduce their phytotoxicity and improve plant growth (Idris et al., 2004; Madhaiyan et al., 2007a) . The data presented in this paper include the formal taxonomic description of a novel species of the genus Methylobacterium, which was isolated from rice leaf tissues and produces ACCD.
Strain CBMB27
T was isolated from leaf tissues of rice (Oryza sativa L. 'Dong-Jin') collected from the National Honam Agricultural Experiment Station (Iksan, Republic of Korea) on selective ammonium mineral salts (AMS) medium (Whittenbury et al., 1970) supplemented with filter-sterilized cycloheximide (10 mg ml 21 ) and 0.5 % (v/v) methanol at 28 u C by the leaf imprinting method (Chanprame et al., 1996) . The strain was maintained on nutrient agar (NA; Difco) with 1 % (v/v) methanol or on AMS medium with 0.5 % (v/v) methanol. Morphological properties were studied according to standard protocols (Gerhardt et al., 1994) . Nutritional characteristics were determined as described previously by using Biolog GN2 MicroPlates (Madhaiyan et al., 2007c) and utilization of carbon sources not included on the Biolog plates was determined as described by Green & Bousfield (1982) . Other physiological and biochemical characteristics were tested using the API ZYM, API 20NE and API 32GN galleries (bioMérieux) following the manufacturer's instructions. Methylobacterium oryzae CBMB20
T was included as a positive control for these experiments. Scanning electron microscope observations were performed on fixed material that was prepared for routine examination as described by Bozzola & Russell (1998) . Samples were critical-point-dried, mounted on stubs, sputter-coated with gold/palladium and visualized by using a Hitachi S-2500C scanning electron microscope with a GEMINI column equipped with a field-emission electron source. The presence of the enzyme ACCD was determined by plate and quantitative assays as described previously (Madhaiyan et al., 2006) . Cells of strain CBMB27
T were Gram-negative, aerobic, non-endospore-forming rods that were frequently branched and occurred singly or in rosettes on solid AMS medium and formed pink-to red-pigmented colonies. A photomicrograph of strain CBMB27
T grown on the solid surface of AMS medium supplemented with 0.5 % methanol is shown in Fig. 1 T also utilized 1-aminocyclopropane 1-carboxylate as a nitrogen source when tested with a plate assay, and considerable ACCD activity could be detected in cell-free extracts.
The 16S rRNA gene was PCR-amplified from the DNA extracts by using universal primers 27F (59-AGAGTT-TGATCCTGGCTCAG-39) and 1492R (59-GGTTACCTT-GTTACGACTT-39) and the full gene sequence was determined by the fluorescent dye terminator method using a sequencing kit (ABI PRISM BigDye Terminator cycle sequencing ready reaction kit v. 3.1) and products were run on a ABI3730XL capillary DNA sequencer (ABI PRISM 310 Genetic Analyzer). The resultant 16S rRNA gene sequence was compared with available sequences from GenBank using the program BLAST (http://www.ncbi.nlm. nih.gov.proxy.lib.siu.edu/blast/) to determine an approximate phylogenetic affiliation and gene sequences were aligned with those of closely related strains using the software CLUSTAL W (Thompson et al., 1994) . Phylogenetic trees were constructed by the neighbour-joining method with the program package MEGA 3.1 (Kumar et al., 2004) . Bootstrap confidence values were obtained using 1000 resamplings. The methanol dehydrogenase gene (mxaF), required for methanol utilization, and the acdS gene, which accounts for ACCD activity, were amplified from DNA extracts using primer pairs mxaF f1003 and mxaF r1561 (59-GCGGCACCAACTGGGGCTGGT-39 and 59-GGGC-AGCATGAAGGGCTCCC-39, respectively) for mxaF and F1936 and F1939 (59-GHGAMGACTGCAAYWSYGGC-39 and 59-GARGCRTCGAYVCCRATCAC-39, respectively) for acdS (McDonald & Murrell, 1997; Blaha et al., 2006) . Products were sequenced directly and analysed as described by McDonald & Murrell (1997) and Blaha et al. (2006 (Fig. 2) . Sequencing of the mxaF gene from CBMB27
T resulted in a continuous stretch of 556 bp and, when compared with representative Methylobacterium species, revealed 99.3 % gene sequence similarity with sequences from the type strains of M. oryzae and M. fujisawaense. The acdS gene sequence of CBMB27
T was closely related to those of the type strains of M. oryzae (98.1 % similarity) and M. fujisawaense (92.5 %). The presence of ACCD in Methylobacterium and various bacterial genera has been reported (Madhaiyan et al., 2006; Penrose & Glick, 2001; Belimov et al., 2001 ).
For cellular fatty acid analysis, the strain was cultured in NA with 1 % (v/v) methanol at 28 u C for 48 h. Fatty acids were extracted, derivatized to methyl esters and analysed by (Kouno & Ozaki, 1975) ; 4, M. mesophilicum (Austin & Goodfellow, 1979) ; 5, M. radiotolerans (Ito & Iizuka, 1971) ; 6, M. extorquens (Urakami & Komagata, 1984) ; 7, M. adhaesivum (Gallego et al., 2006) ; 8, M. suomiense (Doronina et al., 2002) ; 9, M. organophilum (Patt et al., 1976) ; 10, M. rhodesianum (Rock et al., 1976) ; 11, M. zatmanii (Rock et al., 1976) ; 12, M. rhodinum (Heumann, 1962) (Sasser, 1990) . The G+C content of genomic DNA was determined by HPLC analysis of individual nucleosides using a reversed-phase column (Supelcosil LC-18-S; Supelco) as described by Mesbah et al. (1989) . DNA-DNA hybridization was carried out to determine the relatedness between strain CBMB27 T and its closest relatives according to the filter hybridization method (Seldin & Dubnau, 1985) . Probe labelling was conducted by using the non-radioactive DIG-High Prime system (Roche Diagnostics) and hybridized DNA was visualized using the DIG luminescent detection kit (Roche Diagnostics). Hybridization temperatures were 60 and 65 u C and DNA-DNA relatedness was quantified by using a densitometer (Bio-Rad). The fatty acid profile of strain CBMB27
T consisted mainly of cisvaccenic acid (C 18 : 1 v7c), iso-C 17 : 0 3-OH and octadecanoic (stearic) acid (C 18 : 0 ) (summarized in Table 2 ). The DNA G+C content of strain CBMB27
T was 66.8 mol%, which falls within the range described for the genus Methylobacterium (Green, 1992 T does not belong to any of the above species when the recommendation of a threshold value of 70 % DNA-DNA relatedness for species definition is considered (Wayne et al., 1987) .
The 16S rRNA sequence similarity data, DNA-DNA hybridization values and other phenotypic characteristics allow strain CBMB27
T to be distinguished from other members of the genus Methylobacterium. On the basis of these results, strain CBMB27
T is considered to represent a novel species of Methylobacterium, for which the name Methylobacterium phyllosphaerae sp. nov. is proposed.
Description of Methylobacterium phyllosphaerae sp. nov.
Methylobacterium phyllosphaerae (phyl.lo.sphae9rae. N.L. n. phyllosphaera phyllosphere; N.L. gen. n. phyllosphaerae of the phyllosphere).
Gram-negative, non-endospore-forming, strictly aerobic, motile rods (0.63-0.6461.8-2.7 mm) occurring singly, in pairs or in rosettes. Colonies are pink to red, convex, translucent with regular edges, slow-growing and 0.2-0.8 mm in diameter after 96 h at 28 u C on AMS. Grows on NA, R2A, peptone-yeast extract-glucose, succinate, glycerol-peptone and plate count agar media. Does not grow in the presence of ¢2.0 % NaCl. Growth occurs at 20-30 u C (optimal temperature 28 u C) and pH 5.0-9.0 (optimal pH 6.8). The pink pigment is water-insoluble and has absorption maxima at 233, 359, 505 and 545 nm in chloroform/methanol (1 : 1). Catalase, oxidase, arginine dihydrolase and urease tests are positive. Pectinase, cellulase, protease and b-galactosidase are absent. Tests for nitrate reduction, glucose fermentation, indole production and methyl red and Voges-Proskauer tests are negative. Gelatin, starch, glycerol tributyrate, casein and aesculin are not hydrolysed. Hydrogen sulfide is not . Data from this study (strains 1-9), Weon et al. (2008) and Kang et al. (2007) . Values are percentages of total fatty acids; 2, not detected. ECL, Equivalent chain-length. Fatty acids representing less than 0.3 % in all strains were omitted. The type strain is CBMB27 T (5LMG 24361 T 5KACC 11716 T 5DSM 19779 T ), isolated from the leaf surface of rice (Oryza sativa L. 'Dong-Jin'). The DNA G+C content of the type strain is 66.8 mol%.
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